In electronic commerce, the purchasing power of an individual buyer is limited. Sellers' discount policies are often based on the cost of a single transaction. A profitable purchasing strategy for buyers is to form buyer coalition in order to lower their cost. The key problem is how to form combinational coalitions among buyers in order to minimize the total cost of all buyers. In this paper, we formally analyze the problem and solve it by using the genetic algorithm. Our method can optimally allocate buyers in an efficient time. The experimental results show that the algorithm is feasible and effective.
Introduction
With the development and commercial application of information technology, electronic commerce has become a popular channel for transactions between buyers and sellers. Buyers can access information from more sellers on the Internet. Meanwhile, sellers can provide their goods to more buyers without geographical or temporal limitations. For the purpose of promotion, sellers often offer different discount rates based on the cost of one transaction. Correspondingly, for buyers one profitable purchasing strategy is to form buyer coalitions in order to increase the cost of their transaction. In this way, buyers can obtain lower prices without buying more than their real demand.
One kind of buyer coalition is called the combinational coalition when sellers offer a variety of goods which is needed by different buyers [1] . The problem is to find an optimal combinational coalition structure, which is an NP-hard problem [2] . Therefore, searching for an optimal buyer distribution by an exhaustive search is not practical because it takes too much time. A genetic algorithm (GA) is a heuristic search scheme based on a model of Darwininian evolution [3] . It can calculate optimal solutions or semi-optimal solutions in real time [4] . Thus, it is feasible to solve the problem based on GA.
In this paper, we consider a coalition formation problem in which a group of buyers are shopping from a certain group of sellers for a variety of goods. The buyers have different shopping lists. Different sellers offer different retail prices and different discount policies based on the total cost of all goods sold in one transaction. Under this circumstance, we solve the optimal combinational coalition formation problem using a method based on GA.
Some researchers have discussed coalition formation problem in different context. Sen et al. [5] propose a GA-based search algorithm for optimal coalition structures. They use the Order Based Genetic Algorithm (OBGA). Although the OBGA has no performance guarantee, they insist that it surpasses existing deterministic algorithms. Yamamoto and Sycara [6] propose a buyer coalition for-mation scheme GroupBuyAuction, where buyers form a group based on a category of items. Tsvetovat et al. [7] use economic incentives to create buying group of buyers who procure goods at a volume discount. Li and Sycara [1] combine coalition formation with combinatorial auction, where each buyer places a bid on items with reservation prices. Hyodo et al. [8] optimally allocate buyers to several group buying sites which sell substitute goods and charge prices based on the number of items sold in each transaction. Their approach is based on a genetic algorithm. Buyers with multi-attribute preferences are integrated into a coalition in the system proposed by Matsuo et al. [9] . Boongasame et al. [10] present an algorithm for forming a buyer coalition with bundles of items, which refers to selling more than one goods together in a package at a price which is lower than the sum of the independent prices [11] . On the basis of existing study, we analyze the more popular purchasing pattern in the market -combinational purchasing, in which buyers purchase a variety of heterogeneous goods from different sellers who offer different discount policies based on the total cost of one transaction.
The rest of this paper is organized as follows. Section 2 gives a formal definition of the combinational purchasing problem we study in this paper. Section 3 describes the method to solving this problem based on GA. In Section 4, we show an experiment and analyze the results. Finally, Section 5 gives the conclusions and future work. The objective of this problem is to minimize the total cost of all buyers' purchase.
Problem Formalization

Formal Problem Definition
Problem Analysis
The discount rate is defined as the rate of the discount to the corresponding cost. Table 1 shows an example of the seller's discount policy. If a transaction between a buyer and this seller costs $650, this buyer will obtain 10% discount. Thus he just needs to pay $585 to get the desired goods. Generally, the more the transaction costs, the higher discount rate the buyer will obtain. The purchasing power of an individual buyer is usually limited, which makes him not to obtain high discount rate. Therefore, it is valuable to cooperate with other buyers and to form buyer coalition for purchase. Every coalition member will benefit from cooperation. the cost in one transaction ($) discount rate 500 -800 (not including 800) 0.1 800 -1000 (not including 1000) 0.2 1000 and more 0.3 Table 1 : An example of a discount rate table.
In this paper, a coalition is a subset of the buyer set. Members of a coalition will contribute at least a portion of their total cost of buying all goods that they need. Because each buyer needs to buy multiple goods, we allow a buyer to join multiple coalitions simultaneously by contributing some of his purchase items. A coalition structure is a partition of all goods that all buyers need to buy, rather than a partition of buyers. t .
There are numerous sellers in the market. Although buyers can easily get information about retail prices and discount policies on the Internet, it is difficult to obtain complete information about all sellers and then select the optimal one, especially when buyers wish to buy multiple goods. For an individual buyer, it is complicated to find his optimal selection and the lowest cost. Hence, buyers can choose to form coalitions to lower their cost. In this paper, we focus on the total cost of all buyers rather than that of each buyer. 
Coalition Formation Algorithm
Based on GA
Coding
We represent the problem with genes. In this algorithm, genes are coded with integers in the interval [ 
Fitness function
The fitness function is the one you want to minimize or maximize. In our combinational coalition formation problem, we set the objective function (1) to be the fitness function of the algorithm.
Selection
We apply both the deterministic sampling and the elitist model. The deterministic sampling guarantees that the individuals with greater fitness values must be chosen. The elitist model makes the rare elite to directly survive to the next generation.
Crossover
Crossover is a very characteristic operation to create children. It determines the global searching performance of the GA. In our method, the uniform crossover function is used, which creates a random binary vector and selects the genes where the vector is a 1 from the first parent, and the genes where the vector is a 0 from the second parent, and combines the genes to form the child.
Mutation
Mutation provides genetic diversity and enables GA to search a broader space. The uniform mutation is applied in our method. It is a two-step process. First, the algorithm selects a fraction of the vector entries of an individual for mutation, where each entry has a probability rate of being mutated. In the second step, the algorithm replaces each selected entry by a random number selected uniformly from the range for that entry.
Experiment
In this section, we conducted an experiment to show the effectiveness of our method. The experimental environment was Matlab 7.0.0 and executed on a Pentium(R) 4/2.40GHz/512MB computer running Windows XP. Table 3 : Retail prices($) of goods.
the cost in one transaction ($) discount rate 500 -800 (not including 800) 0.1 800 -1000 (not including 1000) 0.2 1000 and more 0.25 Table 5 : Discount rates of seller 2.
the cost in one transaction ($) discount rate 600 -900 (not including 900) 0.12 900 -1200 (not including 1200) 0.22 1200 and more 0.3 Table 4 : Discount rates of seller 1.
The problem to be solved in the experiment is shown in Table 2 with the shopping lists of nine buyers. They have diverse demand to five different goods. The "0" in the table means that buyers have no requests to buy the specific goods. The different retail prices set by three seller are shown in Table 3 . Sellers' different discount policies are shown in Table 4 , 5 and 6. Our method's parameters include a population size of 45, a generation count of 100, a crossover rate of 0.95, and a mutation rate of 0.0005. If there is no improvement in the best fitness value for 50 generations or for 20 seconds, the algorithm will stop. The initial population was randomly created with a uniform distribution.
the cost in one transaction ($) discount rate 600 -1000 (not including 1000) 0.1 1000 and more 0.2 Table 6 : Discount rates of seller 3. Table 7 shows the optimal solution found by using our method. The first "1" means that buyer 1 should purchase good A from seller 1. The last "3" means that buyer 9 should purchase good E from seller 3. The "0" in the table corresponds to the same "0" in the shopping lists. In this solution, the total cost of all nine buyers is $4012.3. By joining the combinational coalition, buyers obtain a higher discount rate than they may get when purchasing separately. Take buyer 8 who only demand good C for example. This buyer can minimize his cost by purchasing from seller 2 when he is alone. But if he cooperates with other eight buyers to form combinational coalition, his cost will be lowered from $50 to $44 by obtaining 20% discount from seller 3. Table 7 : Results. Figure 1 shows that GA can find an optimal solution in less than 20 generations. It is feasible to adjust the population size and other parameters in order to find an appropriate solution when the problem becomes more complicated.
Conclusions and Future Work
In this paper, we analyze the emerging buyer purchasing strategy -buyer coalition formation with formal mathematical description. Sellers' discount policies are often based on the cost of one transaction.Because the purchasing power of an individual is limited, different buyers can cooperate in buyer coalition to lower their cost. To solve the important coalition formation problem, we proposed a method based on GA. The notable advantage of using GA is that we can find an appropriate solution in an efficient time. The experiment demonstrated that our method is feasible and effective to find an optimal solution. This paper is only the beginning of our research. There are several conditions we need to seriously discuss in the future. First, as more buyers participate in the combinational coalitions, the constraint of seller's stock of goods shoud be considered. Second, some buyers purchase with a reservation price. When the price of the goods is higher than the reservation price, the buyer does not purchase the goods. In this case, the objective function should be reformulated to meet the requirement. Third, it is useful to consider the actual bargain power of buyers, which is omitted in this study. Finally, improving the algorithm to enhance the efficiency of the method is very important.
